The enantiomers of the antimuscarinic agent 1-cyclohexyl-1- The racemic silanals hexahydro-sila-difenidol (rac-1 b) and p-fluoro-hexahydro-sila-difenidol (rac-2 b), both developed in our laboratories, are commercially available antimuscarinic agents that are used as tools in experimental pharmacology and physiology for the classification of muscarinic receptor subtypes 1
The racemic silanals hexahydro-sila-difenidol (rac-1 b) and p-fluoro-hexahydro-sila-difenidol (rac-2 b), both developed in our laboratories, are commercially available antimuscarinic agents that are used as tools in experimental pharmacology and physiology for the classification of muscarinic receptor subtypes 1 • 2
>. The racemic carbon analogs hexahydro-difenidol (rac-1 a) and p-fluoro-hexahydro-difenidol (rac-2a) are also potent and selective musearlnie antagonists but were found to be somewhat less selective in functional studies than the silicon compounds rac-1 b and rac- >. We were therefore interested in the antimuscarinic properties of the enantiomers of the p-fluoro derivative 2a. In this paper we report on the synthesis and properties of the pure enantiomers of p-fluoro-hexahydro-difenidol [(R)-la and (S}-2a] and their methiodides (R)-3 and
The enantiomers of p-fluoro-hexahydro-difenidol (2a) were prepared from the unsaturated precursor rac-4 which was synthesized by reaction of cyclohexyl 4-fluorophenyl ketone with 3-piperidino-1-propyn-1-yl-lithium, followed by an aqueous workup. Then the enantiomers of 4 were sepaolution of rac-4 [available from 4-FCsH 4 C(O)C 6 H 11 by reaction with LiC ~ CCH 2 NC 5 H 10 } using (R)-and (S)-mandelic acid as resolving agents. The absolute configurations of the (R) and (S) enantiomers of 2a, 3, and 4 were determined by an X-ray crystal-structure analysis of (S)-5, the methiodide of (S)-4. (R)-2a and (R)-3 exhibit a higher affinity for muscarinic Mt, M2, M3, and M4 receptors (by up to two orders of magnitude) than their corresponding antipodes (S)-2a and (S)-3, the degree of stereoselectivity depending on the receptor subtype involved. The enantiomeric purity of the optically active precursors (R)-4 and (S)-4 was determined by differential scanning calorimetry. For the purity determination a newly developed procedure 41 was used, which -in contrast to the "classical methods" -takes into account both calorimeter and substance properties and is thus capable of giving more accurate results (for details sec Experimental). The data obtained from this calorimetric analysis are listed in Table 1 , the phasediagram ofthe system (R)-4/(S)-4 is shown in Figure 1 . According to these data, the enantiomeric purity of (R)-4 and (S)-4 is ~99.80 and ~99.94% e.e., respectively. As the catalytic hydrogenation of (R)-4 and (S)-4 and the subsequent reactions do not affect the enantiomeric purity (no reaction at the center of chirality), the same enantiomeric purities can be assumed for (R)-2a · HCl and (R)-3 (~99.8% e.e.) as weil as for (S)-2a · HCl and (S)-3 (;;;:99.9% e.e.). The absolute configuration of the enantiomers of 2a, 3, and 4 was determined by an X-ray crystal-structure analysis of the laevorotatory methiodide 5, which was prepared by quaternization of (-)-4 with methyl iodide (the signs of the optical rotations correspond to solutions of these compounds in CHCh).
The structure of (-)-5 is depicted in Figure 2 . Bond lengths and angles ( Table 2 ) are mostly normal, except for some librationally shortened bond lengths at the extremes of the rings; the precision of Iight-atom dimensions in the presence of iodine is necessarily limited. The iodide ion forms a hydrogen bond to the hydroxy group [0 ···I 352, H···l 267 pm; 0-H···I 172° (I at! + x,!-y, 1 -z).
As can be seen from Figure 2 
, depending on the reeeptor subtype studied; it was lowest at M2 reeeptors (ea. 15). (S)-2a exhibited only weak receptor diseriminatory properties, whereas (R)-2a showed a preferenee forMt, M3, and M4 over M2 reeeptors (about t6-fold). The affinity pro- (R)-p-Fluoro-hexahydro-difenidol methiodide [(R)-3a] was also found to exhibit higher affinites (by up to two orders of magnitude) for M1-M4 receptors than its antipode (S)-3a, and both enantiomers displayed a small preference for Mt receptors 2 c,3d>. However, the stereoseleetivity ratios [(R)-3aj(S)-3a] were very similar, regardless of the reeeptor subtype studied. 
75 mg of a Pd/C contact (10% Pd; Merck) was added to a solution of(R)-4 (2.10 g, 6.37 mmol) in methanol (75 ml). The suspension was stirred at room temp. for 2 h under a hydrogen atmosphere (continuous H 2 flow). The reaction mixture (complete conversion, monitored by 
rac-1-C yclohex yl-1-( 4-fluorophen yl) -4-piperidino-2-but yn-1-ol [rac-4]
: A 1.6 M solution of n-butyllithium in hexane (62.5 ml, 0.1 mol of n-BuLi) was added dropwise at -50°C to a stirred solution of 3-piperidino-1-propyne (12.3 g, 0.1 mol) in diethyl ether (50 ml). After stirring at -50°C for 2 h, the reaction mixture was added dropwise within 30 min at ooc to a stirred solution of cyclohexyl (4-fluorophenyl) ketone (20.6 g, 0.1 mol) in diethyl ether (150 ml). After stirring for an additional period of 16 h at room temp., water (75 ml) was added at ooc to the reaction mixture. The organic layer was separated and the aqueous layer extracted with diethyl ether. Thereafter, the combined organic extracts were washed with water and then dried with anhydrous Na 2 S0 4 . After evaporation of the solvent, the solid residue was purified by recrystallization from 2- 
( R)-and (S )-1-Cyclohexyl-1-( 4-fluorophenyl)-4-piperidino-2-butyn-1-ol [(R)-and (S)-4]:
A mixture of rac-4 (7.4 g, 22.5 mmol) and (S)-mandelic acid (3.5 g, 23 mmol) was dissolved in boiling acetonitrile (150 ml). After filtration and cooling of the hot solution to room temp., seed crystals (obtained previously by spontaneous crystallization from an analogous reaction mixture, reduced scale) were added, and the reaction mixture was kept at 20°C for 24 h (no disturbance). The crystals obtained (ca. 4.2 g) were isolated by filtration and then purified by three recrystallizations from acetonitrile [after dissolving the crystals (1 g) in hot acetonitrile (30 ml), the solution was slowly cooled to room temp.]. Thereafter, a 0.1 M aqueous NaOH solution (200 ml) was added to the purified mandelate (3.3 g), and the liberated amine was isolated by extraction with diethyl ether. The ether solution was washed with water and then dried with anhydrous Na 2 S0 4 • After evaporation of the solvent, the solid residue was dried in vacuo and then purified by two recrystallizations from acetone to give 2.1 g [57%, related to the portion of (R)-4 in rac-4] of (R)-4. (S)-4 was obtained from the combined mother Iiquors resulting from the crystallizations of (R)-4 · C 6 H 5 CH(OH)C0 2 H from acetonitrile (see above): After evaporation of the acetonitrile, a 0.1 M aqueous NaOH solution (200 ml) and diethyl ether (300 ml) were added to the solid residue. The ether layer was separated, washed with water, and dried with anhydrous Na 2 S0 4 • After evaporation of the solvent, the solid residue was dried in vacuo and recrystallized from acetone to give 4.5 g of colorless crystals, mainly consisting of (S)-4. This product and (R)-mandelic acid (2.1 g, 13.8 mmol) were dissolved in boiling acetonitrile (ca. 150 ml) and the resulting solutionwas kept at 20°C for 24 h. The mandelate obtained was isolated by filtration, purified, and then transformed into (S)-4 analogously to the preparation of (R)-4 as described above; yield 1.85 g [50%, related to the portion of (S)-4 in rac-4]. Calorimeter: FP 84 DSC/TOA, Mettier Instruments GmbH, GreifenseejSwitzerland (heat-flux DSC). The calibration of the instrument, the experimental procedure, and the data evaluation (except for the determination of enantiomeric purity) followed the description in refs. Ml. The results obtained from the calorimetric measurements are listed in Table 1 . The uncertainty of the enthalpies was ± 2.5%, of the temperatures ± 0.2 K, and of the molar fraction of the impurities ±50%. The centrat part of the phase diagram (for rac-4 in the range between the two eutectic points) was calculated by the PRIGOGINE-DEFAY equation In [4x 1 (1 -x 1 ) ] = 2drusH 9 /R(1/Trus -1/1) (see ref.
7~.
Calorimetric Purity Determination: Simulated DSC curves, based on calorimeter parameters, were compared with experimentally obtained DSC curves by variation of the given parameter (in this case "impurity concentration") until an optimal fit was obtained. To check the enantiomeric purities determined by this method, an additional measurement of (S)-4 was performed with a deliberate addition of 1 mol-% of (R)-4. al U(eq) defined as one third of the trace of the orthogonalized Uii tensor.
Structure Solution and Refinement: The structure was solved by direct methods and subjected to full-matrix Ieast-squares refinement on F. Hydrogen atoms, all but two of which were located in difTerence syntheses, were included in the refinement using a riding model. The absolute configuration was determined by an 11 refinement 9 l; 11 refined to -1.06 (5) Table 3 , selected bond lengths and angles in Table 2 .
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